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ABSTRACT 



The present invention is directed to a method and apparatus 
for synchronizing one or more data signal lines of a data bus 
to multiple clocks, and for guaranteeing the validity of the 
synchronized values. Exemplary embodiments avoid the 
need to eliminate delays between the asynchronous clocks. 
Thus, exemplary embodiments of the present invention can 
be used for reliably synchronizing the in-pointer and out- 
pointer of a first-in first-out memory. 
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METHOD AND APPARATUS FOR 
SYNCHRONIZING TRANSFER OF DATA 
BETWEEN MEMORY CELLS 

BACKGROUND OF THE INVENTION s 

1. Field of the Invention 

The present invention is generally directed to the field of 
data processing, and more particularly, to ensuring the 
existence of valid data in systems controlled by multiple 10 
clock sources. 

2. State of the Art 

Systems which transfer data in response to asynchronous 
control signals (for example, multiple asynchronous clock 
sources) are known. One known circuit for synchronizing 1 5 
data in a system which includes multiple clock sources is 
illustrated in FIG. 1. The FIG. 1 circuit synchronizes data 
which has been received at a first clock rate to a second 
asynchronous clock rate. 

The FIG. 1 circuit is configured using two serially con- 20 
nected flip-flops 102 and 104. Data is supplied to the first 
flip-flop 102, which can be a D flip-flop, from a first time 
domain "A" wherein data processing is performed at a first 
clock rale. Data supplied to the D input of the first flip-flop 
is held for one clock cycle of an asynchronous output clock 25 
source associated with a second time domain "B". The data 
is held at the Q output of the first flip-flop 102, and then 
clocked into the second flip-flop 104 on the next clock pulse 
of clock domain B. 

The one clock cycle hold time is used to resolve meta- 
stabilities of the input data by producing a known value at 
the Q output of the first flip-flop. Assuming all such meta- 
stabilities are resolved, the data available at the Q output of 
flip flop 102 is clocked into the second flip-flop 104 using 35 
the clock signal of the second, asynchronous time domain. 
The Q output of the second flip-flop is thereby synchronized 
relative to the second time domain. 

While the FIG. 1 synchronizing circuit can, in most cases, 
provide a known value at the output of the second flip-flop 40 
in synchronism with the second clock, this circuit suffers 
significant drawbacks. For example, it is assumed that the 
first flip-flop will have correctly latched the input data and 
that this data is available at the time an output clock signal 
occurs. However, it is possible that a transition of the data 45 
input will occur before a clock pulse is received at the first 
flip-flop 102. As a result, it is possible that the Q output of 
the first flip-flop 102 will not have been resolved from a 
meta-stable value. 

Further, the FIG. 1 synchronizing circuit is only practical 50 
for a single data line controlled by two asynchronous clocks, 
and is not suitable for an entire data bus. This is because the 
FIG. 1 circuit only provides a fixed, predetermined time 
delay in which meta-stabilities can be resolved. As the 
number of bit lines is increased, the probability that all of the 55 
bit lines will be stable within the predetermined time period 
is statistically reduced. Thus, attempts to use a multiplicity 
of flip-flops for the plural bit lines of a data bus only increase 
the probability that invalid data will be present at the Q 
outputs of the first flip-flop in each bit line. The synchro- 60 
nizing circuit of FIG. 1 is therefore only practical for use 
with a single data line and is not suitable for an entire bus 
of signals. 

The FIG. 1 synchronizing circuit would, for example, be 
unsuitable for comparing an in -pointer and an asynchronous 65 
out-pointer of a first-in first-out (FIFO) memory to deter- 
mine the empty or full status of the memory. In a conven- 
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tional first-in first -out memory, it is desirable to compare the 
in -pointer with the out-pointer to determine a status of the 
buffer's contents. Because the data input rate to the first-in 
first-out memory is independent of the data output rate, a 
comparison of the in-pointer and the out-pointer is used to 
track contents of the memory. 

To track the current value of an in-pointer relative to the 
current value of an out-pointer, the in-pointer and the 
out-pointer are often configured using counters. The 
in-pointer counter is clocked by the input data rate and the 
out-pointer counter is clocked by the output data rate. 
Current values of these two counters are repeatedly com- 
pared to determine contents of the memory. Because the two 
counters are clocked by different clock signals (that is, an 
input data rate versus an output data rate), it is possible that 
a counter value associated with the in-pointer and/or the 
out-pointer will be read in transition. 

For example, it is possible that where a binary value of 
"3" (i.e., 011) in a counter representing the current in-pointer 
value is changing to a count value of "4" (i.e., 100), an 
invalid value of 7 (i.e., Ill) will be read during the transition 
period of the counter. This value of 7 will, of course, lead to 
processing errors. These processing errors can, and do result, 
when the multiple signal lines of the in-pointer counter are 
synchronized to the time domain of the out-pointer counter 
using a synchronizing circuit as illustrated in FIG. 1. Again, 
this deficiency in operation occurs because the FIG. 1 circuit 
cannot ensure that data meta-stabilities in circuits which use 
multiple, asynchronous clocks will be resolved. 

Accordingly, it would be desirable to provide a synchro- 
nizing circuit which is not dependent on a predetermined 
time delay, for example, the clock period of clock domain B 
in FIG. 1, to resolve metal-stabilities in circuits where 
asynchronous data rates and/or clocks are included. Further, 
it would be desirable to resolve such meta-stabilities in a 
manner suitable for synchronizing an entire data bus to 
multiple asynchronous clocks. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to a method 
and apparatus for synchronizing one or more data signal 
lines of a data bus to multiple asynchronous clocks, and for 
guaranteeing the validity of the synchronized values. Exem- 
plary embodiments avoid the need to establish any prede- 
termined delay for resolving meta-stabilities. Thus, exem- 
plary embodiments of the present invention can, for 
example, be used to ensure valid data of an in-pointer 
associated with a first time domain will be available in a 
second time domain of an out-pointer for a first-in first-out 
memory. As a result, reliable values of the in-pointer and the 
out -pointer at a given point in time can be accurately 
compared. 

In accordance with exemplary embodiments, a method 
and apparatus are provided for synchronizing data which is 
supplied at a first clock rate, to a second clock rate by storing 
data using at least first and second memory cells; controlling 
the clocking of data into the first memory cell; and control- 
ling a transfer of data from the first memory cell into the 
second memory cell by inhibiting a reloading of data to said 
first memory cell until data stored in said first memory cell 
has been transferred to said second memory cell. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention can be further understood with 
reference to the following description and the appended 
drawings, wherein like elements are provided with the same 
reference numerals. In the drawings: 
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FIG. 1 illustrates a conventional synchronizing circuit; be used, including any known latch or memory structure into 

FIG. 2 illustrates an exemplary embodiment of a synchro- w *»cri data can be written and read, 

nizing circuit in accordance with the present invention; The FIG. 2 synchronizing circuit 200 further includes a 

FIG. 3 illustrates an exemplary embodiment of an edge means for controlling the input of data into the first memory 

detection instance of the FIG. 2 embodiment; and 5 cel1 2U - In the exemplary FIG. 2 embodiment, the input 

M .„ * a.* * j • c *i- controlling means includes a delay circuit 216 and a positive 

FIG. 4 dlustrates an exemplary timmg chagram for the m 

FIG. 3 instance. * . . . - nn c . , . , 

The synchronizing circuit 200 further includes a data 

DETAILED DESCRIPTION OF THE transfer controlling means 226. The input controlling means 

PREFERRED EMBODIMENTS 10 anc * tne data transfer controlling means form a free running 

circuit. The input controlling means controls the clocking of 

In the exemplary embodiment of a synchronizing circuit data via data input signal line 202 into the first memory cell 
200 illustrated in FIG. 2, input data is received via an input 212. The data transfer controlling means controls the trans- 
bus 202. While the input bus 202 is illustrated as being a f er 0 f data from the first memory cell into the second 
9-bit bus, those skilled in the art will appreciate that any 15 me mory cell 214 in a manner which ensures that only valid 
number of signal lines can be included in the bus (for data will be transferred in synchronism with the output clock 
example, one or more lines). Further, those skilled in the art signal. That is, the exemplary FIG. 2 embodiment ensures 
will appreciate that the input data on input bus 202 can be the transfer of valid data into the second memory cell 214, 
supplied from any source, including for example, user such that valid data will be available at the output data signal 
controlled inputs such as keyboard generated commands. 20 uae 210 in synchronism with the output clock signal. 

The synchronizing circuit 200 further includes clock To ensure a valid data output, the synchronizing circuit 

inputs from two independent clock domains via a first, input supplies the first clock signal of the first clock domain as the 

clock (INCLK) signal line 204 and a second, output clock clock signal input to the first memory cell 212, and supplies 

(OUTCLK) signal line 206. Those skilled in the art will the second clock signal of the second clock domain as the 

appreciate that the signal lines 204 and 206 can be used to 25 clock signal input to the second memory cell 214. In 

provide any input signals (that is, synchronous or addition, the input controlling means generates a first select 

asynchronous) which are used to clock data. enable signal for the first memory cell 212 using the first 

A reset signal line 208 which is illustrated as an active low clock signal, while the data transfer controlling means 
(that is, logic level low) clear direct signal line labelled CDN generates a second select enable signal for the second 
is supplied to the synchronizing circuit 200. In the FIG. 2 memory cell 214 using the second clock signal, 
embodiment, components which receive the clear direct In the exemplary FIG. 2 embodiment, once the synchro- 
signal at an active low clear direct input (that is, a clear nizing circuit has been reset and operation begins, the data 
direct NOT input labelled CDN) are cleared at circuit reset, transfer controlling means is inhibited from generating the 
while components which receive the active low clear direct ^ second select enable signal for the second memory cell 214 
signal at an active low set direct input (that is, a set direct until after the first select enable signal has been generated by 
NOT input labelled SDN) are set to a predetermined logic the input controlling means and supplied to the first memory 
condition at circuit reset. cell 212. Similarly, after an initial select enable signal has 

Data, the validity of which is guaranteed by the synchro- been generated by the input controlling means for the first 

nizing circuit 200, is supplied from the synchronizing circuit 40 memory cell 212, a subsequent first select enable signal 

via a data output signal line 210 labelled OUTDATA. cannot be generated until after the data transfer controlling 

Although the data output signal line is illustrated as a 9-bit means has generated the second select enable signal for the 

bus, those skilled in the art will appreciate that, like the data second memory cell 214. The synchronizing circuit will now 

input signal line, the output data line can include any number be described in greater detail. This operation guarantees the 

of signal lines. 45 existence of reliable data for input to the second memory cell 

The exemplary synchronizing circuit 200 of FIG. 2 fur- 214 > and the existence of reliable data at the output of the 

ther includes a means for storing data. For the given embodi- second memory cell 214. 

ment wherein the input data signal line and the output data In the exemplary embodiment illustrated, the delay circuit 

signal line are 9-bit busses, first and second 9-bit memory 216 includes an AND gate 220 which supplies its output to 

cells 212 and 214 are provided. Each of the first and second 50 the D data signal input of a flip-flop 222. The AND gate 220 

memory cells is illustrated as a D flip-flop having a data receives a first input from the positive edge detection circuit 

signal input labelled DA, a second data signal input labelled 218 of the input controlling means, and receives a second 

DB, a clock signal input labelled CP and a select enable input from the inverted Q output of the flip-flop 222. 

input labelled SA. Further, each of the first and second The flip-flop 222 receives the output from AND gate 220 

memory cells includes a non-inverted output labelled Q, and 55 at its D signal input. At reset, the Q output of flip-flop 222 

an inverted output labelled QN. is set to a logic level high condition in response to the active 

Those skilled in the art will appreciate that memory cells low clear direct signal received at the active low set direct 

formed as D flip-flops with integrated select enable signal input labelled SDN. The flip-flop 222 is clocked by a clock 

inputs are well known in the art and need not be described signal on the input clock signal line 204 via a clock signal 

in greater detail. For example, an integrated AND gate or 60 input CP. The Q signal output from the flip-flop 222 repre- 

multiplexer can be used to logically combine the select sents the first select enable signal which is supplied to the 

enable signal input and the clock signal input such that data select enable signal input SA of the first memory cell 212. 

can not be loaded into the memory cell unless the select Further, the Q data output from flip-flop 222 is supplied to 

enable signal is in its active state at the time a clock pulse the D data signal input of a second flip-flop 224 included 

is received. Those skilled in the art will further appreciate 65 within the delay circuit 216. 

that while the exemplary FIG. 2 embodiment is illustrated The clock signal input labelled CP of the second flip-flop 

with the use of D flip-flops, any known storage device can 224 is also clocked by the input clock signal on input clock 
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signal line 204. Further, the reset signal on reset signal line clock pulse on the output clock signal line 206, a pulse is 

208 is applied to the clear direct input labelled CDN of the produced by the positive edge detection circuit 228. This 

second flip-flop 224 to clear this flip-flop at reset. Once the pulse output is supplied as the second select enable signal to 

first select enable signal for the first memory cell 212 has the select enable input of the second memory cell 214 and 

been set, the first select enable signal is latched in the second 5 t 0 the D data signal input of an output flip-flop 230. 

flip-flop 224 on a subsequent input clock signal pulse. Note The output m ^ mchldes an inpilt labelled CDN 

that this subsequent input clock signal will reset the Q output whicfa ig driyen b the reset &[ j lme 208j and a ck)ck { { 

of flip-flop 222 since the inverted Q output is tied back to its M cp receive& a c]ock ^ from ^ dock 

D input via AND gate 220. The Q™fg*J*™ri signal line 206. Thus, both the positive edge detection circuit 

flip-flop 224, which constitutes the latched first select enable , n , . t . a £_ A , ? . , , 

signal, is sullied lo the means for controlling a transfer of 30 *°* lh * 0Ul P ul fll P" flo P 230 are dnven b V the 0Ut P m 

data from the first memory cell 212 into the second memory clock S1 g nai * 

214, In operation, when the positive edge detection circuit 228 

As illustrated in FIG. 2, the positive edge detection circuit detects a positive edge from the delay circuit 216, a pulse is 

218 of the input controlling means is clocked at its clock supplied in synchronism with the output clock signal. At that 

input labelled CP by the input clock signal on input clock 15 time, the select enable signal input to the second memory 

signal line 204. Further, the reset signal on the reset signal cell 214 is active such that data can be transferred from the 

line 208 is supplied to the CDN input of the positive edge first memory cell 212 to the second memory cell 214 on the 

detection circuit 218. An input to the positive edge detection next output clock pulse. 

circuit is received at the signal input labelled POSEDG. During the time in which the second memory cell is 

In operation, upon the receipt of a positive going edge at 20 awaiting an active select enable signal and an output clock 

the input labelled POSEDG, and upon receipt of a clock signa] on me output clock ij ne 206, the first select 

signal at the clock signal input CP from the first clock signal ena51e signal cannot be suppl i e d to first memory cell. Recall 

input, the positive edge detection circuit supplies a pulse on that a subseqiient first se iect enable signal cannot be gener- 

an output signal line labelled PULSE. As mentioned ated ^ af(er ^ gelect enaMe signal has been 

previously, the output pulse from the positive edge detection 25 ated and latched int0 the fli p. flop 230. 

circuit 218 is fed back to the first input of the AND gate 220 6 1J4 , u 1 aa-> *u 

such that the AND gate 220 can produce a logic level high a Accordingly additional data cannot be loaded into the 

to flip-flop 222 and generate a subsequent select enable first memory cell 212, and the output of the first memory cell 

signal for the first memory cell 212. Because the positive cannot change state, until after previously stored contents of 

edge detection circuit 218 cannot supply an output pulse 30 the first memory cell have been transferred to the second 

until a positive edge is received from the data transfer memory cell. Only after data from the first memory cell has 

controlling means 226, the positive edge detection circuit been clocked into the second memory cell 214 is the Q 

218 therefore inhibits the input controlling means from output signal line from the output flip-flop 230 supplied to 

supplying a subsequent select enable signal to the first the POSEDG input of the positive edge detection circuit 218 

memory cell 212 until after a data transfer from the first 35 to re-enable the loading of new data into the first memory 

memory cell to the second memory cell 214. cell 212. Thus, the first memory cell's output is stable and 

Only after a data transfer from the first memory cell to the guaranteed, and meta-stable conditions will not exist. This 

second memory cell has occurred is a positive output inter-relationship between the input controlling means and 

supplied from the data transfer controlling means to the the data transfer controlling means eliminates dependency of 

positive edge detection circuit 218. At that time, an input is 40 the synchronizing circuit on an estimated time delay 

supplied via AND gate 220 to the first flip-flop 222. Recall between the input and output clock signals, 

that the Q data output of the flip-flop 222 was reset to a logic FIG. 3 illustrates an exemplary embodiment of the posi- 

level low when the first select enable signal was clocked into five edge detection circuit instance (illustrated as elements 

the second flip-flop 224. Accordingly, the inverted Q output 218 and 228 in FIG. 2). Referring to FIG. 3, each of the 

supplied to AND gate 220 will be logic level high when an 45 PCSEDG, clear direct signal CDN and clock signal CP are 

output pulse is generated by the positive edge detection illustrated. Further, the output PULSE line is illustrated, 

circuit 218. E&ch positive edge detection circuit includes three flip-flops 

Having described the input controlling means for seiec- labeled 302, 304 and 306. Further, the positive edge detec- 

tively enabling the clocking of data into the first memory lion circuit includes an AND gate 308. 

cell, attention will now be directed to the data transfer 50 An input to the edge detection circuit is supplied via the 

controlling means for selectively controlling the transfer of POSEDG input to the clock signal input of the first flip-flop 

valid data from the first memory cell through the second 302 which serves to detect a pulse edge. The D data input of 

memory cell 214. Tlio data transfer controlling means, this flip-flop can be tied to a logic level high. An output of 

generally labelled 226, supplies the second select enable the flip-flop 302 is supplied to flip-flops 304 and 306 which 

signal to the select enable signal input SA of the second 55 provide a synchronization function, 

memory cell 214. The data transfer controlling means as More particularly, the output of flip-flop 302 is supplied 

illustrated in FIG. 2 also includes a positive edge detection to the D input of the second flip-flop 304. The second 

circuit 228, which is configured similar to that of positive flip-flop 304 is clocked at its clock signal input CP. The Q 

edge detection circuit 218. The positive edge detection output of the second flip-flop 304 is supplied to the D data 

circuit 228 receives the Q output from the second flip-flop eo input of the third flip-flop 306. The clock input CP of the 

224 of delay circuit 216 at its POSEDG data input. The third flip-flop is also clocked via its clock input CP. A Q data 

positive edge detection circuit 218 is reset at its input output from this third flip-flop 306 supplies the pulse output 

labelled CDN via the reset signal line 208. The clock signal of the positive edge detection circuit, 

input labelled CP receives the output clock signal on the The AND gate 308 of the FIG. 3 edge detection circuit is 

output clock signal line 206. 65 used for resetting the first and second flip-flops 302 and 304 

In operation, upon receipt of a positive going edge from in response to a reset signal or in response to an output pulse 

the Q output of the delay circuit 216, and upon receipt of a from flip-flop 306. More particularly, the AND gate 308 
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receives the clear direct signal from the active low reset in-pointer) using the exemplary embodiment of FIG. 2, the 

signal line of the positive edge detection circuit. A second lag on the value of the out-pointer will only result in a 

input of the AND gate 308 is connected to the inverse Q slightly longer time to recognize a "not full" condition, 

output of the third flip-flop 306. Because the reset signals for However, because of the guaranteed stability of the data, 

each of the flip-flops 302 and 304 are active low, these S such a lag time is acceptable as it avoids the potential for a 

flip-flops are reset when a logic level high is supplied from processing error. 

the Q data output of the flip-flop 306 (that is, a logic level Those skilled in the art will appreciate that the embodi- 

high on this Q output will drive the inverted Q output to a ments discussed above are by way of example only, and that 

logic level low, which then drives the output of AND gate alternate embodiments encompassed by the present inven- 

308 low). Thus, the FIG. 3 edge detection circuit will ensure 10 lion can be implemented. For example, those skilled in the 

that the flip-flops 302 and 304 do not change state until after art will appreciate that instead of using both a clock signal 

a pulse edge has been detected and supplied as an output and a select enable signal to latch data in the memory cells 

from the edge detection circuit. 212 and 214, the select enable signal could be used alone as 

FIG. 4 illustrates an exemplary timing diagram for the the clock input. That is, the first select enable signal can be 

positive edge detection circuit of FIG. 3. In response to a 15 used as the clock input signal for the first memory cell, and 

positive edge, pulse 408 is produced after the positive edge the second select enable signal can be used as the clock input 

has been clocked through flip-flops 302 and 304, which signal for the second memory cell. In such an embodiment, 

produce Q data outputs 404 and 406, respectively. Note that memory cells can be used which do not require separate 

output pulse 406 is produced in synchronism with the clock clock and select enable inputs. 

signal input 410. 20 Further, those skilled in the art will appreciate that various 
Those skilled in the art will appreciate that the exemplary components of the exemplary embodiment which enhance 
circuit described with respect to FIGS. 2 and 3 can be used operation can be eliminated. For example, latching flip-flops 
in connection with any number of data lines. Further, those can be added or deleted as necessary to accommodate a 
skilled in the art will appreciate that the exemplary embodi- desired implementation. For example, additional latching 
ments described will ensure the stability of an output from 25 flip-flops 222 and/or 224 can be eliminated since flip-flops 
the first memory cell 212 in FIG. 2, such that it can be are included within the positive edge detection circuit 228. 
accurately detected and supplied via the output data signal Those skilled in the art will also appreciate that a time- 
line 210. Note that such detection occurs at the expense of out, or watchdog, circuit can be included if desired. Such a 
possibly missing the clocking in of some data from the input time-out circuit can be used to, for example, generate a reset 
data line 202. However, such an expense is insignificant 30 signal on clear direct signal line 208 if the first and/or second 
where, for example, the circuit is directed to ensuring the select enable signals are not generated within a predeter- 
validity of data for a given point in time. mined time period. 

The accuracy of data at a given point in time is critical Further, those skilled in the art will appreciate that the 

when, for example, the data represents values for the 35 illustration of the FIG. 2 components in the larger functional 

in-pointer and out-pointer of a first-in first-out memory. blocks shown is by way of illustration only. The components 

Here, the possibility that the amount of data stored in the of the exemplary embodiment can, of course, be reconfig- 

FIFO may change between the time the in-pointer value is ured in any way desired, provided the functional relationship 

latched and the time the in-pointer value is compared with between the components is retained, 

the out-pointer is not critical, since data is not lost (that is, 4Q Further, those skilled in the art will appreciate that the 

it continues to be stored in the FIFO). For example, should exact signals processed in accordance with the present 

the in-pointer jump from a value representing 6 entries in the invention can be any signals used in data processing (e.g., 

first-in first-out memory to 9 entries during the time the any digital signals). For example, while the use of positive 

in-pointer and the out-pointer are being compared, no data edge detection circuits were discussed, negative edge detec- 

is actually lost, but is rather stored in the first-in first-out 45 tion circuits can also be used. 

memory. However, each time the in-pointer and out-pointer It will be appreciated by those skilled in the art that the 

counters are examined exemplary embodiments of the present invention can be embodied in other specific forms 

present invention ensure that they provide accurate values without departing from the spirit or essential characteristics 

for the in-pointer and the out-pointer at a given point in time, thereof. The presently disclosed embodiments are therefore 

thereby avoiding the potential for processing errors. 5Q considered in all respects to be illustrative and not restricted. 

In summary, the data storing means provides a data path The scope of the invention is indicated by the appended 

for the flow of data in response to control signals (that is, claims rather than the foregoing description and all changes 

clock signals and select enable signals) from the free- that come within the meaning and range and equivalence 

running synchronizing circuitry. The input controlling thereof are intended to be embraced therein, 

means, which includes positive edge detection circuit 218, 55 What is claimed is: 

ensures that data is not loaded into the first memory cell 212 1. Apparatus for synchronizing data supplied via a first 

until after the positive edge detection circuit 228 has enabled clock rate to a second clock rate, comprising: 

the transfer of data from the first memory cell to the second means for storing data, said data storing means having at 

memory cell 214. After data has been transferred to the out least first and second memory cells; 

data bus 210, the entire process described above can be 6Q means for controlling the clocking of data into said first 

continuously repeated. Such operation ensures a clean, memory cell, said clocking control means inhibiting a 

stable transfer of data from one clock domain to another. loading of a first set of data into said first memory cell 

As mentioned above, the present invention can be used for until a second set of data has been transferred from said 

monitoring the in-pointer and out-pointer of a first-in first- first memory cell to said second memory cell; and 

out memory for checking full or empty conditions. If the 65 means for controlling a transfer of said second set of data 

read pointer of the first-in first-out memory (that is, the from said first memory cell to said second memory cell, 

out-pointer) is synchronized to the write pointer (that is, the said transfer control means including at least one edge 
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detector for receiving an output from said clocking 
control means. 

2. Apparatus according to claim 1, wherein said data 
storing means includes at least first and second D flip-flops. 

3. Apparatus according to claim 1, wherein said clocking S 
control means further includes: 

at least one edge detector for receiving an output from 
said data transfer controlling means. 

4. Apparatus according to claim 3, wherein said clocking 
control means further includes: 10 

at least one logic gate for receiving an output from said 

edge detector; and 
at least one storage cell for selectively producing an 

enable signal for enabling the storage of data into said s 

first memory cell in response to an output from said 

logic gate. 

5. Apparatus according to claim 4, wherein said clocking 
control means further includes: 

at least one additional storage cell for storing said enable 2 o 
signal. 

6. Apparatus according to claim 5, wherein said clocking 
control means is controlled in response to a first clock signal 
of a first clock domain, while said transfer control means is 
controlled in response to a second clock signal of a second 2 s 
clock domain. 

7. Apparatus according to claim 1, wherein said transfer 
control means further includes: 

at least one storage cell for storing an output from said 
edge detector, said output from said edge detector being 30 
supplied to said second memory cell as an enable signal 
for transferring an output of said first memory cell to an 
output of said second memory cell. 

8. Apparatus according to claim 6, wherein said transfer 
control means further includes: 35 

at least one storage cell for storing an output from said 
edge detector, said output from said edge detector being 
supplied to said second memory cell as an enable signal 
for transferring an output of said first memory cell to an 
output of said second memory cell. 40 

9. Apparatus for synchronizing data supplied via a first 
clock rate to a second clock rate, comprising: 

means for storing data, said data storing means having at 
least first and second memory cells; 
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means for controlling the clocking of a first set of the data 
into said first memory cell; and 

means for controlling a transfer of the first set of the data 
from said first memory cell into said second memory 
cell by disabling the second memory cell until the first 
set of the data has been stored in said first memory cell, 
said transfer control means including at least one edge 
detector for receiving an output from said clocking 
control means. 

10. Apparatus according to claim 9, wherein said data 
storing means includes at least first and second D flip-flops. 

11. Apparatus according to claim 9, wherein said clocking 
control means further includes: 

at least one edge detector for receiving an output from 
said data transfer controlling means. 

12. Apparatus according to claim 11, wherein said clock- 
ing control means further includes: 

at least one logic gate for receiving an output from said 

edge detector; and 
at least one storage cell for selectively producing an 

enable signal for enabling the storage of data into said 

first memory cell in response to an output from said 

logic gate. 

13. Apparatus according to claim 12, wherein said clock- 
ing control means further includes: 

at least one additional storage cell for storing said enable 
signal. 

14. Apparatus according to claim 13, wherein said clock- 
ing control means is controlled in response to a first clock 
signal of a first clock domain, while said transfer control 
means is controlled in response to a second clock signal of 
a second clock domain. 

15. Apparatus according to claim 9, wherein said transfer 
control means further includes: 

at least one storage cell for storing an output from said 
edge detector, said output from said edge detector being 
supplied to said second memory cell as an enable signal 
for transferring an output of said first memory cell to an 
output of said second memory cell. 

***** 
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